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FILTER FOR THE DEPLETION OF LEUKOCYTES FROM BLOOD PRODUCTS 

The present invention relates to a filter device for the de- 
pletion of the leukocyte content from blood products such as 
whole blood and/or blood components. 

More particularly, the invention relates to a leukocyte fil- 
ter device adapted for use in the blood bag systems which are 
conventionally used for the separation of whole blood into 
leukocyte depleted hemocomponents . 

Blood bag systems are known e.g. from US-4 , 596, 657 , EP-A- 
0 556 303 and EP-A-0 879 608. 

US-4, 596, 657 describes a blood bag system including a primary 
bag which is connected by means of flexible hose lines to a 
first and a second satellite bag; a filtering means is inte- 
grally disposed between the primary bag and one satellite bag 
to remove platelets and leukocytes from a mixture of a red 
cell concentrate and additive solution which is passed 
through the filtering means from the primary bag to the said 
satellite bag. 

EP-A-0 556 303 and US-5,100,564 describe a blood collection 
and processing system for preparing, from donated whole 
blood, platelet-rich plasma (PRP), packed red cells (PRC), 
platelet concentrate (PC) and plasma; in the described sys- 
tem, PRP is leukocyte depleted by interposing in the conduit 
between a blood collection bag and a first satellite bag a 
filter assembly for depleting leukocytes from PRP; in the 
same way, PRC is leukocyte depleted by interposing between 
the blood collection bag and a second satellite bag a second 
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filter assembly for removing leukocytes from PRC. 

EP-A-0 879 680 describes a blood bag system for separating 
blood into blood components wherein leukocyte-free PRC is 
prepared by passing erythrocytes resuspended in an additive 
agent through a leukocyte filter. 

The leukocyte filters, to which the present invention re- 
lates, typically comprise a housing with inlet and outlet 
ports and at least a porous element, within the housing, in- 
terposed between the inlet and outlet port. The said porous 
element usually consists of a web or mat which may be formed 
by one or more layers of filtering material, typically a non- 
woven fabric, which may or may not be bonded to each other. 

According to the prior art, the porous elements can be pro- 
duced from any material compatible with blood which is capa- 
ble of forming fibers including natural or synthetic fibers. 
The preferred materials are synthetic polymers such as par- 
ticularly polyolef ines , polyesters, and polyamide; polybuty- 
lenterephthalate (PBT) is currently considered as a preferred 
polymer . 

A parameter which is considered in the design of the porous 
elements is the critical surface tension (CST) of the em- 
ployed material. The CST of a surface is a measure of the re- 
pellent properties of that surface; it is the maximum surface 
tension for a liquid that has a contact angle 0 = 0°. CST 
cannot be measured directly on textile yarns that are complex 
bundles of twisted fibers; however, the CST for yarns may ap- 
proximate that for chemically related plane surfaces. 



With reference to the materials used in filters for leukocyte 
depletion, EP-A-0 313 348 describes an empirical method for 
measuring the critical surface tension of a porous medium, 
therein defined as "Critical Wetting Surface Tension" (CWST) . 
According to said method, the CWST of a porous medium is de- 
termined by individually applying to its surface, preferably 
drop wise, a series of liquids with a surface tension varying 
by 2 to 4 dyn/cm (mN/m) and observing the absorption and non- 
absorption of each liquid. The CWST of the porous medium in 
units of dyn/cm is defined as the mean value of the surface 
tension of the liquid which is absorbed and that of a liquid 
of neighboring surface tension which is not absorbed. Liquids 
with surface tension lower than the CWST of a porous medium 
or the CST of a given material will spontaneously wet the me- 
dium or material on contact. With reference to water (surface 
tension 72 dyn/cm) , materials having a CST lower than the 
surface tension of water, will not be wetted. The CST of a 
material can therefore be taken as measure of the hydro- 
philicity of the material itself; the higher the CST or CWST, 
the higher is the hydrophylicity of the material. 

EP-A-0 313 348 describes a device for the depletion of the 
leukocyte content of a blood product comprising a first po- 
rous element for removing gels, a second porous element for 
removing micro-aggregates and a third element for removing 
leukocytes, wherein at least the third element has been modi- 
fied to a critical wetting surface tension in the range of 
from greater than 53 dyn/cm to less than 90 dyn/cm and 
wherein each successive element, from inlet to outlet, has a 
smaller pore diameter than that preceding it. 

In these filters, gels and micro-aggregates are removed be- 
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fore filtering leukocytes. In the working examples of EP-A- 
0 313 348 the device comprises a first layer for gel filtra- 
tion made of acrylic bonded needle punched PET, with a CWST 
of 50 and a plurality of additional layers for micro- 
aggregate removal and leukocyte adsorption having increased 
CWST which are typically made of melt-blown PBT which is sur- 
face grafted to increase its CWST. When the final porous ele- 
ment for leukocyte removal is made of a plurality of layers, 
these are usually made of the same material. 

US-5,580,465 describes a method for preparing platelets by 
passing platelet-rich plasma (PRP) through a filter compris- 
ing a porous medium with a CWST of at least 70 dyn/cm under 
conditions sufficient to remove about 99.99% of the leuko- 
cytes from the PRP. From this document it can be derived that 
the increased hydrophylicity of the modified PBT filter ele- 
ment is enhancing the recovery of thrombocytes. 

US-4, 963,260 describes a liquid filtering device for separat- 
ing leukocytes comprising a first filter element and a second 
filter element in a position downstream of the first one, 
wherein the second filter element is made of a material hav- 
ing a larger filtration resistance than the first filter ele- 
ment; filter resistance can be increased by decreasing pore 
size which also regulates the liquid pressure. 

In view of the available prior art there is still a need for 
leukocyte filter devices having improved efficiency in leuko- 
cyte removal and better overall performance. 

To this end, the present invention provides a filter device 
for the depletion of the leukocyte content from blood prod- 
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ucts comprising a housing with an inlet and an outlet port 
and, within said housing, at least two porous elements, 
adapted for removing leukocytes, each porous element compris- 
ing one or more layers of filtering material, wherein said at 
least two porous elements have different hydrophylicity, 
characterized in that the said porous elements are arranged 
in the filter device so that the first element has a higher 
hydrophylicity than the successive filter element (s) in the 
direction of flow, from inlet to outlet, of the blood product 
through the filter device. 

Further characterizing features of the filter device accord- 
ing to the invention are defined in the appended claims. 

As noted before, the CST of the filtering material or the 
CWST of a porous fabric made of said material can be taken as 
a measure of the hydrophylicity of the employed material, 
whereby a higher hydrophylicity corresponds to a higher CST 
or CWST. 

In a preferred embodiment of the invention, the filter device 
comprises more than two porous elements and the hydrophylic- 
ity (CST or CWST) of any given element is higher than the hy- 
drophylicity of its successive element in the direction of 
flow from inlet to outlet, so as to establish a decreasing 
hydrophylicity profile (negative gradient) . 

Each porous element for leukocyte depletion may be comprised 
of one or more layers of adjacent filtering sheet material, 
which layers may optionally be bonded to each other. When a 
porous element is made of two or more layers, these will usu- 
ally be made of the same filtering material having the same 
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filtering and hydrophilicity properties. However, the said 
filtering layers may have different pore size, such as op- 
tionally a decreasing pore size from inlet to outlet, as sug- 
gested by the prior art. 

Also, successive porous elements from inlet to outlet may 
have a different pore size such as optionally a decreasing 
pore size. 

The filter according to the invention may include within the 
filter housing upstream of the first porous element for leu- 
kocyte depletion, one or more porous elements specifically 
adapted for gel or micro-aggregate removal from the blood 
product . 

The constructive principle underlying the invention is not 
intended to be limited to any specific filtering material 
and, in principle, any commercially available filtering mate- 
rial which is compatible with blood can be used. The filter- 
ing material is however preferably based on polyesters, such 
as PET or PBT or on more hydrophobic polymers such as poly- 
olefines, particularly polypropylene, or polyamide. 

The said hydrophobic polymer material can be rendered more 
hydrophilic by coating the fibers of the material with a more 
hydrophilic polymer such as particularly hydrophilic acrylic 
polymers or copolymers or hydrophilic polyurethane . The poly- 
meric material can also be rendered more hydrophilic by sur- 
face grafting the polymeric material, particularly PBT, with 
compounds containing an ethylenically unsaturated group, such 
as an acrylic moiety combined with hydroxyl groups or methy- 
lacrylate or methylmethacrylate and combinations thereof, as 
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described in EP-A-0 313 348. The layers of the filtering ele- 
ments are usually made of a non-woven fabric obtained from 
fibers of the polymeric materials; however, also porous mem- 
branes or sintered porous media could be used in principle. 

The absolute value of the CWST of the inlet filtering layer 
and successive layers can be selected in a wide range, ac- 
cording to the principles known in the art and depending upon 
the blood product (whole blood or other hemocomponents) which 
is to be leukocyte depleted by passing through the filter de- 
vice. Preferably, the CWST of the inlet layer is of at least 
53 dyn/cm (pure PBT) and more preferably of at least 63 
dyn/cm. 

The minimum and maximum wettability (CWST) difference between 
the first and last filter layer from inlet to outlet may vary 
in a wide range and may depend upon the distance between the 
bag containing the blood product and the layer, that is on 
the pressure generated by the column of liquid which is 
available for driving the blood product through the filter. 

A preferred minimum wettability (CWST) difference is of about 
10 dyn/cm, particularly when the inlet layer has a CWST of 
about 63 and independently from the distance between the bag 
and the filter device. A preferred maximum wettability (CWST) 
difference is of about 20 dyn/cm when the CWST of the outlet 
layer has a value of 53 dyn/cm (pure PBT) . 

As stated before, a preferred embodiment of the invention 
contemplates the use of a plurality of filter elements each 
consisting of a set of filter layers, such as particularly 
from 3 to 8 sets each comprising a plurality of layers, such 
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as preferably from 2 to 50 layers. The difference in the wet- 
tability (CWST) of adjacent sets of layers can be in the 
range of from 2 to 50 dyn/cm. 

The subject matter of the invention also includes a blood bag 
device including at least a primary and a satellite bag, con- 
nected by a flexible conduit wherein a filter device accord- 
ing to the invention is interposed in the flexible conduit 
for leukocyte depletion. 

In a preferred embodiment of such a device the distance be- 
tween the primary bag and the filter element is 20 to 80 cm, 
more preferably between 30 and 50 cm. 

A further subject of the invention is the use of the de- 
scribed filter device for leukocyte depletion of blood prod- 
ucts. The blood products include whole blood and other hemo- 
components such as particularly platelet-rich plasma (PRP), 
packed red cells (PRC) , platelet concentrate (PC) and plasma 
(PL) . 

In order to allow the user to properly set up the filter de- 
vice of the invention in the blood bag system, the housing of 
the filter device may include appropriate indicia allowing to 
identify the inlet and outlet ports so that the filter device 
is mounted according to the appropriate negative hydrophilic- 
ity gradient from inlet to outlet. 

It has been found that in the filter according to the inven- 
tion the first set (or filter element) of more hydrophilic 
layers is easily wetted by the liquid and therefore the liq- 
uid pressure is distributed evenly on the following more hy- 
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drophobic layers. With this filter set-up regional pressure 
differences because of gas bubbles attached to the surface of 
the filter can be prevented, which decreases the risk of mi- 
cro-ruptures in the filter. 

The described arrangement improves the air elimination from 
the filter material, avoiding blood flow channeling, leading 
to a better leukocyte removal efficiency; moreover, by better 
exploiting the whole filtering material, its quantity can be 
reduced with consequent reduced cell loss. 

A further advantage of a filtration system containing de- 
scribed filter element is that due to the improved wettabil- 
ity of the inlet layer the needed priming pressure as well as 
the priming time of the filter is reduced. 

For the same reason the gravity pressure head which is needed 
for the efficient filtration of the liquid can be reduced. 
Therefore the distance needed between the primary bag and the 
filter element is smaller which is saving both space and tub- 
ing material. 

In contrast to a filter with an inlet layer of 53 dyn/cm for 
which a distance to the primary bag of at least 80 cm is 
needed, for a filter with an inlet layer of 68 dyn/cm a dis- 
tance of 30 cm is sufficient for efficient filtration of 
blood or blood components. 

Further advantages and features of the filter device of the 
invention will be apparent from the following non limiting 
working examples . 
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Example 1 

The filter device consists of 39 layers of PBT (50 g/m 2 , CWST 
53 dyn/cm) and one layer of polypropylene (10 g/m 2 , CWST 33 
dyn/cm) . The filter device is used with a conventional blood 
bag system and is mounted in the flexible conduit connecting 
the primary bag to a first satellite bag at a distance of 80 
cm from the primary bag. Whole blood is filtered through the 
filter device and the following features and parameters are 
obtained : 

Filter priming time: 3 min. 

Filtration time of one whole blood unit (about 450cm 3 ) : 28 min. 

Blood volume recovery: 92% 

Residual white blood cells: 200,000/unit 

By way of comparison, a filter device was used without the 
polypropylene layer which was replaced by a PBT layer so as 
to achieve the same filter volume; the white blood cell con- 
tamination was found to be 900, 000/unit . 

Example 2 

Use is made of a filter consisting of 35 layers of coated PBT 
(50g/m 2 ) wettable with a 68 dyn/cm liquid and 5 layers of un- 
coated PBT (50g/m 2 ) , CWST 53 dyn/cm; the filter was placed at 
the distance from the primary bag of 30 cm. 
Filter priming time: 1,5 min. 

Filtration time of one whole blood unit (about 450 cm 3 ) : 20 
min . 

Blood volume recovery: 92% 

Residual white blood cells: 100,000/unit 
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For a filter with a CWST of 53 dyn/cm without the hydro- 
philicity gradient the white blood cell contamination was 
found to be 1, 100, 000/unit . 

Example 3 

Use is made of a filter consisting of 5 packages of 5 layers 

each of coated and uncoated PBT which were stacked together 

as follows: 

First set: 63 dyn/cm 

Second set: 61 dyn/cm 

Third set: 59 dyn/cm 

Fourth set: 55 dyn/cm 

Fifth set: 52 dyn/cm 

Distance bag/filter: 30 cm 

Filter priming time: 1 min. 

Filtration time of one whole blood unit (about 450 cm 3 ) : 15 
min . 

Blood volume recovery: 92% 

Residual white blood cells: 50, 000/unit. 



